The Fermi surface (FS) of an extended d − p Hubbard model is investigated by a two-pole approximation in both situations with hole and electron doping. Using the factorization procedure proposed by Beenen and Edwards, superconductivity with singlet d x 2 −y 2 -wave pairing is considered. The effects of the d − p hybridization on the FS are the main focus in the present work. Nevertheless, the asymmetries between the hole-and electron-doped regimes and the effects of doping and Coulomb interaction on FS are also investigated. Particularly, it is shown that the crossover from hole-like to electron-like FS is deeply affected by the d − p hybridization in the hole-doped case. It has been verified that the effect of the hybridization is very pronounced around the saddle points (0, ±π) and (±π, 0), where the intensity of the superconducting order parameter is maximum in the particular case of d x 2 −y 2 -wave symmetry. In the electron-doped case, the crossover in the FS is not verified. The doping dependence of the FS topology in the hole-and electron-doped regimes is in agreement with recent experimental ARPES results for La2−xSrxCuO4 (hole doping) and Nd2−xCexCuO4 (electron doping).
Almost two decades after the discovery of the high-temperature superconductors (high-T c ), the theoretical description of this phenomenon still represents a challenge for the physicists. The study of the Fermi surface and the dispersions of bands is essential to better understand the superconducting and the normal properties of the high-T c 's [1] . Furthermore, the investigation of the asymmetries between hole-and electron-doped regimes may contribute to clarify the mechanisms of superconductivity in these materials [2] . Due to the strong correlations at the Cu-sites, the one-band Hubbard model has been largely used to describe such systems. Nevertheless, the fact that the oxygen sites may be occupied by holes when the system is doped suggests that a model which also takes into account the oxygen can be more adequate to treat these systems in the doped regime [3] . In the present work, the two-pole approximation [4] has been used to study the FS associated with an extended d−p Hubbard model. Superconductivity with d x 2 −y 2 -wave symmetry is considered by using the factorization procedure proposed by Beenen and Edwards [5] . The Hamiltonian model is an improved version of the model studied in reference [3] . It is given by:
where µ is the chemical potential. The symbols ... ( ... ) denote the sum over the first(second)-nearest-neighbors of i. The hopping to the secondnearest-neighbors is necessary to describe correctly the FS topology, mainly in the electron-doped regime. The quantity U stands for the local Coulomb interaction between two d-electrons with opposite spins. The Green's functions necessary to treat the problem are obtained following the standard Roth's procedure [4] . In order to include superconductivity and d − p hybridization, in the present work, the resulting Green's functions consist of a five-pole approximation [3] :
with each pole corresponding to a quasi-particle band E skσ . The quantity Z (s)
kσ stands for the spectral weight [3] . The quantities E skσ and Z (s) kσ are obtained as in reference [3] .
The figures 1(a), 1(b) and 1(c) show Fermi surfaces for different hole-doping. The symbols ⊙ show the experimental ARPES results for La 2−x Sr x CuO 4 (LSCO) [6] . The figure 1(a) shows that, in the hole overdoped regime (n T = 0.70, with n T = n T ), where the Fermi surface changes its nature from electron-to hole-like. It has been verified experimentally that some thermodynamic properties as the entropy and the magnetic susceptibility are greatly enhanced with a peak in x c [7] . Moreover, also in x c , the Hall coefficient R H reverses its sign [7] . The figure 1(d) shows the FS for n T = 0.76 and different values of hybridization. Here, the hybridization has been considered k- the average over the Brillouin zone and V dp k (V pd k ) are the Fourier transform of t dp ij (t pd ij ). It can be observed that the topology of the FS is directly associated with the hybridization V pd 0 . As a consequence, the value of x c depends on the hybridization. It is important to note that this dependence is pronounced in the points (0, π) and (π, 0), where the intensity of the superconducting order parameter is maximum in the particular case of d x 2 −y 2 -wave symmetry. In the present work, it has been found that this effect is related to a decreasing of the order parameter, as the hybridization increases. Here, the quantity V pd 0 is the k-independent hybridization [3] . The figure 1(e) shows that the Coulomb interaction is also related to a change in the FS topology. The FS associated with the electron-doped case is shown in figure  2 . As it can be noted, the change in the topology of the FS upon doping does not occur. It should be observed in figure 2(c) that, as in the hole-doped situation, the hybridization acts in the sense of changing the area enclosed by the FS. However, here, different of the hole-doped case, the area enclosed by the FS decreases if the hybridization increases. It has been found that the effect of the Coulomb interaction on the Fermi surface is similar to the hybridization effect.
It is important to highlight that, in hole-doped systems, experimental results indicate that above x c , where the Hall coefficient R H is negative, the superconductivity disappears [10] . The peculiar evolution of FS in the hole-doped regime and its relation with R H through x c suggest that, in cuprate systems, the effect of the hybridization is very important, at least in the hole-doped case.
